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and Jade S. Hiramoto, MD, San Francisco, Calif
Objective: This study determined the rate, extent, and clinical significance of neck dilatation after endovascular aneurysm
repair (EVAR).
Methods: The study included 46 patients who underwent elective EVAR using bifurcated Zenith stent grafts (Cook,
Bloomington, Ind) and had at least 48 months of clinical and radiographic follow-up. Computed tomography images
were analyzed on a 3-dimensional workstation (TeraRecon, San Mateo, Calif). Neck diameter was measured 10 mm
below the most inferior renal artery in planes orthogonal to the aorta. Nominal stent graft diameter was obtained from
implantation records.
Results:Median follow-up was 59 months (range, 48-120 months). Neck dilation occurred in all 46 patients. The rate of
neck dilation was greatest at early follow-up intervals. At 48 months, median neck dilation was 5.3 mm (range, 2.3-9.8
mm). The extent of neck dilation at 48 months correlated with percentage of stent graft oversizing (Spearman   0.61,
P < .001). No type I endoleak or migration >5 mm occurred.
Conclusions:After EVARwith the Zenith stent graft, the neck dilates until its diameter approximates the diameter of the stent
graft. Neck dilation was not associated with type I endoleak or migration of the stent graft. (J Vasc Surg 2010;52:303-7.)Endovascular aneurysm repair (EVAR) of abdominal
aortic aneurysm (AAAs) is associated with less perioperative
morbidity and mortality than conventional open repair.1-3
Long-term success depends on the durability of the seal
between the stent graft and aneurysm neck. In theory, neck
dilatation could lead to loss of wall contact, resulting in
endoleak, aneurysm pressurization, and rupture.
Several authors have described medium-term changes
in aneurysm neck diameter after EVAR using a variety of
stent grafts.4-11 These studies tended to treat neck dilata-
tion as an all-or-nothing phenomenon and focused on its
incidence in varying assortments of device types. The only
long-term, device-specific data relate to the behavior of a
balloon-expanded stent graft, which appears to produce a
very low rate of neck dilatation.11
Other studies suggest that after the implantation of a
self-expanding stent graft, neck dilatation would continue to
proceed relentlessly with an ever-increasing rate of serious
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However, none of these studies examined the magnitude and
rate of changeof neckdilatation long afterEVAR.Thepresent
study attempts to fill this gap by describing the rate, extent,
and clinical significance of aortic neck dilatation after EVAR
using the bifurcated Zenith stent graft (Cook, Bloomington,
Ind) in patients with at least 4 years of follow-up.
METHODS
Between October 1998 and November 2004, 272
patients underwent elective EVAR using bifurcated Zenith
stent grafts at the University of California, San Francisco
Medical Center. This study includes 46 of these patients
who had at least 4 years of clinical and radiographic follow-
up. Patients were excluded from the analysis if the opera-
tion was urgent or emergent or involved the implantation
of uniiliac, fenestrated, or multibranched devices. Routine
follow-up included computed tomography (CT) imaging
at 1, 6, and 12 months, and annually thereafter. Patient
demographic data and information on nominal stent graft
diameter were obtained from a prospectively maintained
registry. Stents grafts were sized (or oversized) according to
the preferences of individual surgeons.
CT images were analyzed on a 3-dimensional worksta-
tion (TeraRecon, SanMateo, Calif). Migration was defined
as 5-mm movement of the proximal stent relative to the
renal arteries or any movement requiring a secondary pro-
cedure.12 Aortic neck diameter was measured 10 mm be-
low the most inferior renal artery in planes orthogonal to
the aorta (Fig 1). The inner diameter of the aortic neck was
measured on the major and minor axis. The nominal stent
graft diameter was recorded as the main body stent graft
diameter, as provided by the manufacturer. The actual
device diameter was measured in the unconstrained portion
of the stent graft in the aneurysm sac.
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the change in neck diameter from baseline by the duration
of follow-up. The association between the neck diameter at
48 months and the percentage of oversizing, as well as the
association between neck diameter at 48 months and aneu-
rysm size, was assessed using the Spearman’s rank correla-
tion coefficient. To allow us to compare patients with a
wide range of neck and stent graft diameters, neck diameter
was normalized to nominal stent graft diameter (normal-
ized diameter  aortic neck diameter/nominal stent graft
diameter). Statistical analysis was performed using STATA
11 software (StataCorp, College Station, Tex).
RESULTS
The 46 included patients were a mean age of 74.6 
7.5 years, and 89% were men.Median aortic neck diameter,
at the time of stent graft placement, was 21.5 mm (range,
18.1-27.9 mm), and median nominal device diameter was
28 mm (range, 22-32 mm), resulting in a mean oversizing
of 29%  10%. Median follow-up was 59 months (range,
48-120 months).
No patients had a type I endoleak at any point in
follow-up, and there was no device migration5 mm. The
neck dilated in all patients. The rate of neck dilation (Fig 2)
was greater in early follow-up than in late (48 months)
Fig 1. Measurement of proximal aneurysm neck. The l
axial, (B) coronal, and (C) sagittal planes. D, The aortic
artery in planes orthogonal to the aorta, in the mid-portfollow-up. At 48months, median neck dilation was 5.3mm(range, 2.3-9.8 mm). The extent of neck dilation at 48
months correlated with the percentage of stent graft over-
sizing (Fig 3; Spearman’s   0.61; P  .001) but did not
correlate with aneurysm size (P  .3).
Fig 4 demonstrates the normalized aortic neck diame-
ter over time. Because no type I endoleaks or device migra-
tion occurred in this cohort, we were surprised to find that
the aortic neck expanded by as much as 113% of the
nominal stent graft diameter (Fig 4). This led us to ques-
tion whether the nominal stent graft diameter represented
the actual stent graft diameter. When we measured the
actual stent graft diameter on the CT scans at 48 months,
we found that this was a median of 2.8 mm, or 10%, larger
than the median nominal stent graft diameter.
DISCUSSION
Durable EVAR depends on a persistent seal between
the proximal end of the stent graft and a nondilated seg-
ment of infrarenal aorta (the neck). This study, like others
before it,4-11 demonstrated a high incidence of neck dila-
tation after EVAR with a self-expanding stent graft. We
observed some degree of neck dilatation at the 4-year
follow-up in all patients. This rate is higher than the 20% to
30% seen in previous studies,8 probably because the fol-
f the most inferior renal artery was identified in the (A)
was measured 10 mm inferior to the most inferior renal
f the first covered stent.evel o
necklow-up is longer.
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tween the outside of the stent graft and the inside of the
neck, onemight expect that universal neck dilatation would
ultimately result in universal failure. Yet, large studies have
shown that secondary endoleak remains a relatively rare
complication for many years after EVAR, if only with
certain devices.13,14 The current study helps to explain this
apparent disparity between the incidence of neck dilatation
and the incidence of long-term failure. After repair with the
Zenith stent graft, the diameter of the neck increased
rapidly at early time points, and slowly at later time points.
At no point did the diameter of the neck exceed the actual
Fig 2. Rate (mm/month) of proximal neck dilation aft
is shown.
Fig 3. Relationship between the percentage of endogra
48 months of follow-up.diameter of the stent graft. The diameter of the neckexceeded the nominal diameter of the stent graft but only
because the nominal diameter underestimated the actual
diameter.
We speculate that when the stent graft, or part of the
stent graft, reaches maximum diameter, its nonelastic wo-
ven polyester covering loses the capacity to expand and
contract with the phases of the cardiac cycle and ceases to
transmit force to the aortic wall. This protective effect is
likely to be device-specific and dependent on active barb-
mediated attachment. Although the loss of a stent graft’s
potential for outward expansion probably enhances the
stability of the neck, the corresponding reduction in fric-
ovascular aneurysm repair (mean  standard deviation)
rsizing and amount of proximal neck dilation is shown ater endft ovetion would undermine the stability of any stent graft lacking
eck d
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barbs for attachment in the neck.8,9
If, as we believe, the fully expanded stent graft imposes
a limit on neck diameter, it is not surprising that the
potential for dilatation of the neck depends on the potential
for dilatation of the stent graft within the neck; hence, the
correlation between oversizing and neck dilatation. A
greatly oversized stent graft can expand a lot before reach-
ing its limit, whereas a barely oversized stent graft can
expand very little.
The findings of the current study are limited by the
small size of the study cohort, which partly results from the
combined effects of patient demographics and the require-
ment for long follow-up. When the study started in 1998,
the Zenith stent graft was not approved for general use in
the United States. At the time, our investigational device
exemption protocol limited EVAR to high-risk patients
with short life expectancy. Many of these patients did not
live long enough to qualify for inclusion in this study. It is
important to note, however, that these patients did not die
from aneurysm-related causes.
As of 2007, when the entire underlying cohort was last
examined in detail,13 there were no instances of secondary
type I endoleak and no conversions to open surgery for
migration. Had that not been the case, the current study
would suffer from selection bias through the elimination of
patients who had serious complications of neck dilatation.
We also recognize that the current data apply only to
patients treated with the Zenith stent graft. Other patient
groups and other stent grafts might have different rates of
neck dilatation, migration, and endoleak.
CONCLUSIONS
After EVAR with the Zenith stent graft, the aortic neck
dilates until limited by the fully expanded stent graft.
Fig 4. Normalized aortic neck diameter (aortic nExpansion of the aortic neck to match the size of theimplanted stent graft is not associated with type I endoleak
or migration of the stent graft.
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